REMARKS 

Reconsideration of the present application is requested. Claims 1, 18, 21 
and 24 have been amended. 

On April 20, 2007, the Board of Patent Appeals and Interferences 
(hereinafter "the Board") affirmed the rejection of claims 1-5, 14 and 16-24 
rendered obvious under 35 U.S.C. § 103(a) by Bruckman (U.S. Patent 
Publication No. 2002/0051466), in view of Applicants* Admitted Prior Art 
(AAPA), and Tiedmann, Jr., et al. (U.S. Patent No. 5,914,950) and the rejection 
of claims 6-13 rendered obvious under 35 U.S.C. § 103(a) by Bruckman, AAPA, 
Tiedmann, and further in view of Buchholz (U.S. Patent No. 5,337,313). 

In affirming the rejection, the Board dismissed Applicants' arguments 
that "puncturing," includes dropping, removing or deleting a portion of bits in 
the channel coded encoder packet to create a channel encoded encoder sub- 
packet because such a recitation was not explicit in the claims. 1 In response, 
Applicants have amended claim 1 to recite "wherein puncturing including the 
moving bits from the channel coded encoder packet." Although no explicit 
support for such an amendment is set forth in Applicants' Specification, such 
an amendment is inherently supported by the well-known term "puncturing." 

As evidenced by the attached article entitled "Punctured Convolutional 
Codes of Rate (N-l)/N and Simplified Maximum Likelihood Decoding," by J. 
Cain et al. from 1979 (hereinafter "the Cain Article"), puncturing, as interpreted 
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by one of ordinary skill, includes removing or deleting bits from a code. 2 
Because such a term is so well-known, the amendments made herein are fully 
supported by "puncturing," as used in Applicants' Specification. 

As noted above, claims 1-5, 14 and 16-24 stand rejected under 35 U.S.C. 
§ 103(a) in view of Bruckman (U.S. Patent Publication No. 2002/0051466, 
hereinafter Bruckman), in view of Applicants' Admitted Prior Art (hereinafter 
AAPA), andTiedmann, Jr., et al. (U.S. Patent No. 5,914,950, hereinafter 
Tiedmann). 

The Examiner relies upon Bruckman to teach the "puncturing and/or 
repeating," step set forth in claim 1. Applicants disagree. 

As shown in FIG. 1 of Bruckman, a transmitter includes packet sources 
26, which may generate streams of data packets for transmission over channel 
25. The dynamic packet fragmenter 28 determines fragment sizes into which 
packets are to be divided. 3 When an input packet from the source 26 exceeds 
the determined fragment size, fragmenter 28 divides the packet for 
transmission into multiple fragments. 4 

Applicants respectfully submit Bruckman fails to teach or suggest at 
least, "puncturing and/or repeating channel coded packets," wherein the 
"puncturing," includes " removing bits from the channel coded encoder packet ," 
as now set forth in claim 1. Instead, at most, Bruckman arguably discloses the 

2 See, e.g., Cain, p. 97, right column, last paragraph ("In this example an R=2/3 code was 
constructed by periodically deleting bits from an R= 1 /2 code, or in other words by puncturing 
the code."). 

3 Bruckman, para. [0026], 11. 6-8. 

4 Id. at 11. 8-11. 
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fragmenting (dividing) of packets into pieces based on a transmission rate over 
a channel 25. As the Examiner will appreciate, segmenting or fragmenting 
does not include deleting or removing bits from a code. Moreover, as previously 
argued, fragmenting is not "repeating," as set forth in claim 1. 

The Examiner correctly recognizes that Bruckman fails to teach all 
features set forth in claim 1 , and relies upon AAPA and Tiedmann to make up 
for the recognized deficiencies. Neither AAPA nor Tiedmann, however, teach or 
fairly suggest at least, "puncturing and/or repeating channel coded packets," 
wherein the "puncturing," includes " removing bits from the channel coded 
encoder packet ," as now set forth in claim 1. Therefore, even assuming 
arguendo the Examiner's combination could be made (which Applicants still do 
not admit), the combination of references fails to teach or fairly suggest all 
features of claim 1 . 

For at least the foregoing reasons, claim 1 is patentable over Bruckman, 
AAPA and/or Tiedmann. Claims 18, 21 and 24 are also patentable over the 
Examiner's combination of references for at least reasons somewhat similar to 
those set forth above with regard to claim 1. Claims 2-5, 14 and 18-20 and 22- 
23 are patentable at least by virtue of their dependency from claims 1, 18 or 
21. 

Claims 6-13 stand rejected under 35 U.S.C. § 103(a) as allegedly 
unpatentable over Bruckman, AAPA, Tiedmann and further in view of Buchholz 
(U.S. Patent No. 5,337,313). This rejection is respectfully traversed in that 
even assuming arguendo Bruckman, AAPA and/or Tiedmann could be 
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combined with Buchholz (which Applicants do not admit for at least the 
reasons somewhat similar to those set forth above), Buchholz still fails to make 
up for at least the deficiencies of Bruckman, AAPA, and Tiedmann with respect 
to claim 1. Therefore, claims 6-13 are patentable over Bruckman, AAPA, 
Tiedmann and/or Buchholz. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, 
reconsideration of the objections and rejections and allowance of each of claims 
1-14, and 16-24 in connection with the present application is earnestly 
solicited. 

If the Examiner believes that personal communication will expedite 
prosecution of this application, the Examiner is invited to telephone Andrew M. 
Waxman, Reg. No. 56,007, at the number of the undersigned listed below. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, 
and future replies to charge payment or credit any overpayment to Deposit 
Account No. 08-0750 for any additional fees required under 37 C.F.R. §§ 1. 16 
or 1.17; particularly, extension of time fees. 



Respectfully submitted, 



GDY/AMW:krm 




P.O. Box 8910 
Reston, VA 20195 
(703) 668-8000 

Attachments: Cain Article 
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Fig. 1. Trellis structure for R -2/3, f-2 code. 



complexity. A search for the best R = 2/3 and 3/4 codes of this 
type has been made. These codes are tabulated and performance 
curves are given. 

II. Punctured Code Structure and Decoding 
Considerations 

Our discussion of punctured code structure uses the notation 
established by Forney [1]. The code constraint length is defined 
to be *>, the number of memory elements. A code is represented 
by its generator polynomial matrix <J(Z>). The element in the jth 
row and ith column, 

ey(^)-*4,+*{,-j>+ — +%ijD\ (i) 

relates the /th output sequence to the jth input sequence. 

The punctured code approach will be illustrated using the 
/? = 2/3, v = 2 code with generator matrix 



Abstract — The structure of punctured convolution^ codes Is described, 
and it is indicated bow their use simplifies the design of maximum 
likelihood decoders. The best codes of this class for rates 2/3 and 3/4 are 
tabulated and performance curves are given for these codes. 

I. Introduction 

It is known, if not widely disseminated, that the implementa- 
tion of Viterbi decoders for high-rate convolutional codes is 
greatly simplified if the code structure is constrained to be that 
of a punctured low-rate code. In the standard approach to 
decoding these codes the implementation is complicated by the 
code structure which has 2"~ l paths entering each state rather 
than just two paths as rate - \ /n codes have. This makes the 
resulting comparison and selection of the path with the best 
metric much more difficult. The technique addressed here avoids 
this problem entirely. As a result one can decode just as one 
would decode a rate - 1 /2 code, with very little additional 
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<?(/>) = 



1 + Z) l + £> 1 
D 0 I + Z> 



(2) 



The trellis structure for this code is shown in Fig. 1 , In decoding 
this code using the Viterbi algorithm in the conventional 
manner, a 4-ary comparison must be made at each state, and 
one such 4-ary comparison per state must be made for every two 
information bits. This is in contrast to the much simpler binary 
comparisons performed in decoding R = \/n codes. 

Now consider the R= 1/2, v = 2 code with generators I + £> + 
D 2 and 1 + D 2 . If every fourth encoder output bit is deleted, this 
code will produce three channel bits for every two data bits; i.e., 
it will be a /? = 2/3 code. In fact, if the bit from the second 
generator (I + D 2 ) is deleted from every other branch, the result- 
ing code is identical to the R = 2/3 code in our previous exam- 
ple. This code has the trellis shown in Fig. 2 where X indicates 
the deleted bits. Note that the transitions between states and the 
resulting transmitted bits are identical in Figs. 1 and 2, but in 
Fig. 2 the transition is through a set of intermediate states since 
only one bit at a time is shifted into the encoder rather than two. 
Obviously we have succeeded in generating the same code in a 
different manner. 

In this example an R = 2/3 code was constructed by periodi- 
cally deleting bits from an /?= 1/2 code, or in other words by 
puncturing the code. Of course puncturing the code reduces its 
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Fig. 2. Trellis diagram of £-2/3. e-2 code produced by periodically deleting bits from /?- 1/2, c»2 code. 



TABLE I 

Generators (in Octal) for the Best R - 2/3 Punctured 
Codes with only Two Different Generators 



TABLE II 

Generators (in Octal) for the Best R - 3/4 Punctured 
Codes with only Two Different Generators 





Generator! 




w i (d) 




V 


Generators 




^ (d) 




7,5,7 




1 






5,7,5,7 




15 




15, 13,15 




6 






15,17,15,17 




124 




31,33,31 




25 






25,37,37,37 




22 




73,41,73 




75 






61,53,53,53 




79 




163,135,163 
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135,163,163,1(3 




919 




337,251,337 
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395 






121,165,121,165 




21 




661,473,661 
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97 






205,307,307,307 
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515,737,737,737 
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TABLE III 

Generators (in Octal) for the Best R =2/3 Punctured 
Codes 
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Generators 


d 






7,5,7 
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1 




11,17,15 
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5 




31,27,25 
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15 




61,53,57 
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56 




163,135,163 


6 


1 




337,251,337 


6 


395 


8* 


441,767,565 


8 


47 
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TABLE IV 

Generators (in Octal) for the Best R - 3/4 Punctured 
Codes 



V 


Generators 


d' 


Wild) 




5,7,5,7 


3 


15 




15,17,15,17 


4 


124 




31,27,23,23 
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10 




61,47,65,65 
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51 




165,127,117,173 


6 


276 




251,337,235,237 


6 


67 


8* 


631,557,431,455 


6 
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TABLE V 

Comparison of Free Distances of Punctured Codes with 
Those of Standard Codes dj 
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TABLE VI 

Sets of Two Different Generators Which Produce Good 
/?« 1/2, 2/3, and 3/4 Codes 



V 


R-l/2 
Generators (d> 


R-2/3 

Generators (d) 


R-3/4 
Generators (d) 


2 


7,5(5) 


7,5,7(3) 


7,5.5,7(3) 


3 


15,17(6) 


15,17.15(4) 


15,17,15,17(4) 


4 


31,33(7) 


37,33,31(5) 


31,33,31,31(3) 


4 


37,25(6) 


37,25,37(4) 


37,25,37,37(4) 


5 


57,65(8) 


57,65,57(6) 


65,57,57,65(4) 


6 


133,171(10) 


133,171,133 (6) 


133,171,133,171(5) 


6 


135,147(10) 


135,147.147(6) 


135,147,147,147(6) 
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237,345,237,345(6) 
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free distance, in this case from 5 to 3. However, this distance is 
as large as can be achieved with any /?=2/3, v = 2 code. Paaske 
[2] made an exhaustive search of all generators and found no 
distance 4 codes. Thus in this case no loss in rninimum distance 
is caused by using a punctured code. 

This punctured code could also be thought of as an /? = 1/3 
code with generators I + Z) + Z> 2 , 1 + Z> 2 , and 1 + Z> + Z> 2 that 
has the first two bits deleted on one branch and then the third 
bit deleted on the next branch. In fact it is simpler to represent 
these codes by using the generator matrix of the basic R=\/n 
code, i.e., 

G*(D) = {Gt(D) Gt{D) G*(Z>)}, (3) 

and the best codes that we found will be represented in this way 
in the tables in the next section. The convention that we have 
adopted is that the outputs corresponding to <7f(Z>) and <JJ(Z>) 
are transmitted on the same branch and the outputs correspond- 
ing to each of the other generators are successively transmitted 
on separate branches. 

The code generators that will be given in this form can also be 
easily transformed into the standard form of the generator 
matrix G(D). In fact, it is easily shown that G(D) for a R-2/3 
punctured code is 

G(D) 

_ F gu Vd ) guVd ) c&( VS )/Vd I 
[ Vd gi(Vd ) Vd guVd ) guVd ) J* 

(4) 

where G*(D) and G*(D) are the even and odd power parts, 
respectively, of G*(Z>). The restrictions imposed on the genera- 
tors by puncturing the code can be seen from (4). These are that 
#02 goi**® (which insures that the first 2 bits on each branch 
depend only on the previous state and the first information bit 
on that branch) and g, 3 j = 0. The latter condition insures that 
there will be two pairs of branches entering each state for which 
the third bits on the branches are identical. This, of course, 
allows half of these paths to be eliminated in the comparison at 
the intermediate node. Similar restrictions can be derived for a 
general R«*(n—\)/n code. 

The practical value of the punctured code approach is obvi- 
ous. One can implement an R — 2/3 decoder as an R=\/2 
decoder with additional control to stuff erasures in the locations 
of the deleted bits. After the erasures are stuffed, decoding 
proceeds just as if the code were an R = 1/2 code. In Ihis fashion 
we replace the complex 2 n-1 -ary comparisons at each state by 
binary comparisons. In a high-speed decoder this simplification 
has a major impact on decoder complexity. Even at low data 
rates when a serial implementation is used, the standard ap- 
proach requires a factor of (2 n_l - \)/(n— 1) more binary com- 
parisons per decoded bit than the punctured code approach. 

III. Search for Optimum Codes 

An extensive search was performed to find the best punctured 
code generators at each constraint length v. Our definition of 
"best" is that code with the best performance on the AWGN 
channel at a large signal-to-noise ratio. This asymptotic perfor- 
mance for an R = (n— \)/n code is given by [4] 



where d is the free distance of the code and is the total 
input weight of all information sequences which produce weight 
d paths. All codes with the largest free distance were exhaus- 
tively searched to find the minimum w t (d). While this criterion 
does not guarantee that the code selected will be the best at any 
specified error rate, say 10~ 5 , the resulting codes have nearly 
optimal performance at interesting values of. output bit error 
rate. Of course these codes have also been checked to verify that 
they are noncatastrophic. 

Since w,(d) was used as a criterion of optimality in addition to 
d, it was not possible to obtain a set of rules for drastically 
limiting the search as was done by Paaske [2]. Only the more 
obvious techniques were used. These include elimination of 
duplicate codes and making the branches entering and leaving 
each state in the R = l//i code be antipodal. 

The search for the best codes was done in two phases. In the 
first phase the search was over all generators where there are 
only two different generators among Gf(D),G$(D)r • • ,G*(Z)). 
This formulation has implementation advantages particularly at 
high speeds in that the codes may be implemented as a single 
R = 1 /2 code with periodically sampled generators. The genera- 
tors found in this phase with the smallest values of for 
/? = 2/3 and R-3/4 were selected and are displayed in Tables I 
and II. 

In one case (R — 3/4 t ? = 6) the only distance 6 code found 
had a very large multiplier for the distance 6 paths. The best 
distance 5 code was found to be about 0.1 dB better at P € = 10" 5 
so this code is also shown. 

In the second phase of the search all n generators were 
allowed to be different. However, in several cases the best codes 
still only had two different generators. An interesting example of 
this is the familiar /?=*l/2, v = 2 code which was discussed 
earlier. The generators for this code produce not only the best 
R- 1/2 code but also the best /? = 2/3 and R = 3/4 punctured 
codes for v = 2. Conceptually one could think of these codes 
either as punctured R=\/n codes (as discussed previously) or as 
punctured R = 1 /2 codes with periodically varying generators. 
The second interpretation could be easily implemented in a 
low-speed serial machine where the assignments of code 
branches to state transitions could be stored in a read-only 
memory. The code generators found in this phase of the search 
are shown in Tables III and IV. 

The free distances found for the punctured codes compare 
very favorably with those found by Paaske [2] in his search over 
all generators for the standard codes. A comparison is shown in 
Table V. 

Paaske's search is exhaustive in the sense that in those cases in 
which no code was found whose free distance meets the bound, 
no such code exists. Note that in only two cases (R = 2/3 t v-6 
and R = 3/4, v = 8) does the best punctured code found have free 
distance less than that which is achievable by the standard 
approach. (In one of these cases, only a partial search has been 
performed). In all other cases, the same free distance is achieved 
with punctured codes that is achieved with the standard codes. 
The Plotkin upper bound [5] on free distance at each value of v 
is also shown. In addition, one can also rederive this bound 
assuming the punctured code structure, and it is almost always 
equal to the bound for the standard codes. 

This concept can also be used to provide a high-speed select- 
able rate decoder. To do this efficiently one must find two 
unique generator polynomials which can simultaneously gener- 
ate good R — 1/2, 2/3, and 3/4 codes. Thus the code rate can be 
changed simply by changing the manner in which the generators 
are sampled. Typically, there does not exist a pair of generators 
which can simultaneously provide the best punctured R = 1 /2, 
2/3, and 3/4 codes (this only occurs for the v = 2 generators). 
However, a list of "good" generators and the free distance d for 
each generator was compiled and is shown in Table VI. 
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Fig. 3. Performance of R = 2/3 punctured codes with only two different 
generators. 

IV. Performance of Punctured Codes 

Performance curves for the punctured codes were calculated 
using the union bounding technique. Using this method the bit 
error rate for an R =» m/n code is bounded by [3], [4] 

m 7-0 

where Pj is the probability that the correct path is eUminated by 
a merging path at Hamming distance of y, and nv(y) is the total 
information weight of all weight-y paths. We computed Pj for 
PSK signaling and AWGN using a method which accounts for 
the eight-level quantization customarily used. This technique 
produces union bound results which are found to agree with 
simulation results to within 0.1 dB at P e ** 10 " 5 . 

The weight structure for the punctured codes was calculated 
including the terms up to weight 5 larger than the free distance 
of each code. These terms were then used in (6) to calculate 
performance curves. While only the curves for the codes with 
two different generators are shown in Figs. 3 and 4 (for brevity), 
we found that these codes are only slightly worse (0. 1 dB or less) 
than the codes from Tables III and IV. This is fortunate for 
high-speed applications since the codes with only two different 
generators have decided advantages for implementation. Since 
Paaske's codes represent the most widely known list of standard 
codes, we also calculated union bounds for them and found that 
the longer codes were generally only about 0.1 dB better than 
the corresponding punctured codes. For the shorter constraint 
lengths, the Paaske codes are generally several tenths of a 
decibel better, due to the decreasing slope of the bit error rate 




1 4 6 6 7 6 9 



E^dB 

Fig. 4. Performance of /J = 3/4 punctured codes with only two different 
generators. 

curve as v decreases. Since Paaske's search was based on finding 
codes with optimal d fTCC rather than minimizing P et we recognize 
that there may exist standard codes with P e somewhat better 
than that of Paaske's codes. However, in the range of interesting 
error rate, the potential improvement is very slight. 

V. Conclusions 

The purpose of this paper was to discuss a situation in which a 
difficult Viterbi decoder design problem can be simplified by 
suitably changing the code structure. The resulting decoder 
implementation is significantly simplified in high-speed applica- 
tions. Fortunately, the restrictions on code structure implied by 
this approach result in only a slight performance loss (0. 1 to 0.2 
dB) in comparison with the best known R~(n — \)/n codes. It is 
apparent from the implementation advantages and the perfor- 
mance curves that the R = 2/3 and R = 3/4 codes tabulated here 
have considerable practical significance. 
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